Abstract-This paper concerns the adaptive fast finite time control of a class of nonlinear uncertain systems of which the upper bounds of the system uncertainties are unknown. By using the fast non-smooth control Lyapunov function and the method of so-called adding a power integrator merging with adaptive technique, a recursive design procedure is provided, which guarantees the fast finite time stability of the closed-loop system. It is proved that the control input is bounded, and a simulation example is given to illustrate the effectiveness of the theoretical results.
INTRODUCTION
A finite time stabilization problem was initially studied in the literature of optimal control [1] . The finite time control laws [2] [3] [4] [5] [6] [7] [8] are usually time-varying, discontinuous, or even depending directly on the initial conditions of considered systems [9] . In [10] , a Lyapunov stability theorem has been used to test the finite time stability of continuous nonlinear system. In [11, 12] , the idea of non-smooth control Lyapunov method was used to design finite time controllers for a class of nonlinear systems.
The non-smooth control Lyapunov function that is commonly used is in the form 0 V V V is far away from the origin, albeit its finite time convergence lies in its exponentially growing convergence rate when ( ) V t is near the origin. We hope to know: Can we combine the advantages of the non-smooth control Lyapunov function and the linear control Lyapunov function to design a fast finite time control law that guarantees faster finite time stability of the closed-loop system? For this problem, the Bernoulli-Jacobi equation [13] like fast non-smooth control Lyapunov function has been used in [7] to design a continuous terminal sliding mode control law. This fast non-smooth control Lyapunov function can deliver faster finite time stability of the closed loop system that cannot be realized by using either control Lyapunov function alone.
It is observed that in most of the existing works mentioned, the upper bounds of the system uncertainties are assumed known or unknown but upper bounded by known positive constants (or smooth functions). Thus, naturally an interesting question arises: Without these assumptions, how to design a robust finite time controller? This question motivates us to investigate the problem of adaptive control design that can guarantee the finite time stability of the closed-loop system by means of continuous feedback.
In this paper, an adaptive fast finite time control scheme is proposed and studied to solve the problem stated above. We first define the appropriate unknown parameters, and then successfully solve the mentioned problem using the fast nonsmooth control Lyapunov function and the adding a power integrator approach [4, 14, 15] , merging with adaptive technique. Finally, we will show that under some weak conditions, the control input is bounded.
II.
PROBLEM FORMULATION Consider the th n order SISO nonlinear system with mismatched uncertainties: 
Assumption 2: There exists a known continuous function
Theorem 1: Consider the non-Lipschitz continuous nonlinear system
Suppose there are 
Then, the origin of system (4) is globally finite time stable and the settling time, depending on the initial state 
When
Proof: The proof of inequality (8) can be found in [17] . For inequality (7), let 1/ q b = . Then, by the Taylor expansion formula with the integration remainder, we have
which is identical to (7).
III. ADAPTIVE FAST FINITE TIME CONTROL In this section, we propose a multiple-surface sliding mode [18] [19] [20] [21] like procedure to construct adaptive fast finite time controllers of system (1). The controllers are designed in n steps:
Step 1 : Define n sliding mode surfaces , ,
where ( )
In the case that parameter 1 1 ( ) x σ is unknown, we propose a robust adaptive virtual control law to guarantee the subsystem finite time stable as detailed in Lemma 3. 1 θ is updated by
then, for any finite initial condition 1 (0) x and 1 (0) θ , the system state 1 x will converge to zero in finite time
where
is the Lyapunov function candidate (15) .
Proof: To show that 1 x converges to zero in finite time (14) , based on Theorem 1, we first find a Lyapunov function candidate 1 1 ( ) 0 V x > such that 1 1
Let us consider the following Lyapunov function candidate: 
Differentiating (16) with respect to time, we have ( ) ( )
Substituting the virtual control (12) and updating law (13) into (18), if 2 0 s = , we have
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which means that 1 x converges to zero in finite time (14) . 
(1 ) 1 ( 1) 1( ,..., , ) .) (.) ( ,..., , ,..., ) 
The Lyapunov function (.) i V thus defined has several useful properties collected in the following two propositions.
Proposition 1:
,..., , ,..., )
Proof: The proof is straightforward and therefore is omitted. 
Proof: The proof is straightforward and therefore is omitted.
Without lost of generality, suppose at step 1 i − , there is a 1 C Lyapunov function such that
Using Proposition 1, it is deduced from (28) that
. (29) Here, we estimate each term on the right side of (29). Using Lemmas 1~2, we have 
Proof: By Lemma 2, for 2,...,
Using Assumption 1, we have ( )
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Proposition 4:
There is a
Proof: Using Propostion 3 and Lemma 2, for 2,..., 1
where ( (
Putting (35) and (36) together and using Lemma 1, we have
where (.) 0
C functions. Now, we are ready to prove Proposition 4. Using (37) and proposition 1,
Using Lemma 1 again, we arrive at (34), which conclude the proof.
Proposition 5:
There is 
Proof: With the form of ˆl θ in mind and using (36), we have
where ( 
Since (1 ) (1 )
, we have inequality (39).
Using Proposition 3 and Lemma 1, we get
Since (1 ) (1 ) 
s x x = − . Using (12) , (13) Fig. 1 shows the system states 1 ( ) x t and 2 ( ) x t , and Fig. 2 shows the phase plot of system states. It is seen that finite time convergence of system states has been achieved using the proposed control scheme.
IV. CONCLUSIONS
In this paper, using the fast non-smooth control Lyapunov function and the method of adding a power integrator merging with adaptive technique, we have successfully developed an adaptive fast finite time control scheme for a class of nonlinear uncertain systems. A simulation example is given in support of the proposed control scheme.
